Introduction
Lung cancer is the leading cause of cancer-related deaths among men and women across the globe. 1, 2 Estimates suggest that in 2017 there will be ≈ 222,500 new lung cancer diagnoses. 2 The majority (≈ 85%) of lung cancer cases are non-small cell lung cancers (NSCLC), for which the 5-year survival rate for stages IA through IIIA ranges from 49% to 14%. 2, 3 Patients with a diagnosis of stage IIIB or IV NSCLC have traditionally experienced 5-year survival rates ≤ 5%. 3 However, a long-term follow-up analysis of submit your manuscript | www.dovepress.com
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Mudad et al a Phase I study enrolling patients with heavily pretreated advanced NSCLC demonstrated a 5-year survival rate of 16% associated with nivolumab (Bristol-Myers Squibb Company, Princeton, NJ, USA) treatment. 4 Survival rates have also been correlated with tumor histology in prior studies. In an analysis of Surveillance, Epidemiology, and End Results Program data, the 1-year survival rate for patients with stage IV squamous cell NSCLC was worse than that for those with stage IV adenocarcinoma. 5 With respect to treatments, there remain unmet needs in patients with squamous cell NSCLC. According to the current National Comprehensive Cancer Network (NCCN) guidelines for patients with advanced or metastatic NSCLC and good performance status (Eastern Cooperative Oncology Group performance status [ECOG PS] 0-1), there are fewer recommended first-line treatment options for those with squamous cell vs adenocarcinoma histology. 6 In terms of immunotherapy, first-line treatment with pembrolizumab (Merck & Co., Inc., Whitehouse Station, NJ, USA) is an NCCN category 1 recommendation for patients with PD-L1-positive (≥ 50% expression) tumors that would not be amenable to genetic mutation-based targeted therapies. 6 However, as reported in the KEYNOTE-001 and -010 trials, 23% to 28% of NSCLC tumors exhibit ≥ 50% PD-L1 expression. 7, 8 In addition, pembrolizumab plus pemetrexed (Eli Lilly and Company, Indianapolis, IN, USA) and carboplatin (Hospira, Lake Forest, IL, USA) is indicated for first-line treatment of patients with metastatic non-squamous cell but not squamous cell NSCLC. 9 Therefore, while immunotherapy agents have recently begun to reshape the treatment landscape, they are not appropriate for all patients, and first-line treatment recommendations for patients with squamous cell NSCLC remain largely focused on platinum doublets. 6 nab-Paclitaxel (Celgene Corporation, Summit, NJ, USA) plus carboplatin and gemcitabine (Lilly USA, LLC, Indianapolis, IN, USA) plus a platinum agent are part of the recommended first-line treatment options for patients with advanced or metastatic squamous cell NSCLC, according to the NCCN and European Society for Medical Oncology guidelines. 6, 10 In a pivotal trial sub-analysis of safety and efficacy by histology among patients with squamous cell NSCLC, nab-paclitaxel plus carboplatin demonstrated a 68% improvement in overall response rate (primary endpoint) over paclitaxel plus carboplatin, with a trend in overall survival (OS) favoring nab-paclitaxel plus carboplatin. 11, 12 In these patients, treatment with nab-paclitaxel plus carboplatin also resulted in significantly less grade 3 or 4 neuropathy and arthralgia but more thrombocytopenia and anemia than treatment with paclitaxel plus carboplatin. 11, 12 The gemcitabine plus cisplatin (Bristol-Myers Squibb Company) regimen also demonstrated antitumor activity in the subset of patients with stage IIIB or IV squamous cell NSCLC in a Phase III trial. 13 In the trial, gemcitabine plus cisplatin demonstrated a statistically significant survival benefit among patients with squamous cell histology compared with pemetrexed plus cisplatin. Gemcitabine plus cisplatin resulted in more grade 3 or 4 neutropenia, thrombocytopenia, and anemia than pemetrexed plus cisplatin.
To date, no clinical trial has directly compared nabpaclitaxel plus carboplatin to gemcitabine plus cisplatin in advanced squamous cell NSCLC, and cross-trial comparisons are problematic due to differences in patient populations and study designs. Furthermore, randomized controlled trials may not be reflective of the real-world population. For example, despite the median age at lung cancer diagnosis being 70 years, elderly patients are often underrepresented in Phase III clinical trials. 14, 15 For these reasons, real-world analyses, such as those using electronic medical records (EMRs), are now being used to support clinical trial data. This analysis evaluated the real-world comparative effectiveness, safety, and supportive care use of nab-paclitaxel plus carboplatin vs gemcitabine plus a platinum agent in patients with advanced or metastatic (stage IIIB or IV) squamous cell NSCLC.
Materials and methods
Data source
This analysis was performed using fully deidentified data from the Navigating Cancer database, which provides services to a variety of community-based oncologists who use various EMR platforms. At the time of this analysis, the Navigating Cancer database contained EMRs of patients treated by over 975 oncologists at 81 oncology/hematology community practices throughout the US, 47% from the South, 23% from the Northeast, 17% from the Midwest, and 13% from the West. Institutional review board or ethics committee approval was not required because all data were deidentified.
Study design and patients
Patients aged ≥ 18 years with a primary diagnosis of advanced (stage IIIB or IV) squamous cell NSCLC were included in this retrospective analysis. Key eligibility criteria included initiation of first-line therapy with nab-paclitaxel plus carboplatin or gemcitabine plus a platinum agent between October 1, 2012 and December 31, 2014, completion of at least one cycle of nab-paclitaxel plus carboplatin (three doses of nab-paclitaxel) or gemcitabine plus a platinum agent (≥ 2 
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nab-Paclitaxel + carboplatin vs gemcitabine + carboplatin in advanced squamous cell NSCLC doses of gemcitabine), and a follow-up time of ≥ 5 months or until May 31, 2015, whichever occurred later. According to the indicated schedules, one cycle of treatment was defined as three doses of nab-paclitaxel and one dose of carboplatin given during a 3-week treatment cycle, three doses of gemcitabine 1,000 mg/m 2 and one dose of cisplatin given during a 4-week treatment cycle, or two doses of gemcitabine 1250 mg/m 2 and one dose of cisplatin given during a 3-week treatment cycle. 16, 17 In the real-world clinical setting in this study, the platinum agent used in combination with gemcitabine was carboplatin instead of cisplatin but with the same schedule as cisplatin. Regimen line assignments were based on grouping of treatments given within 30 days of each other, and changes or addition of new agents that occurred beyond 30 days constituted an additional line of therapy. Patients who participated in any interventional clinical trial during the study period (October 1, 2012 to May 31, 2015) or received an active treatment for a second malignancy were excluded. In the final population, data for all inclusion and exclusion criteria and baseline characteristics were known, except for ECOG PS (< 50%).
Objectives and endpoints
The overall objective of this retrospective study was to evaluate relevant clinical and demographic characteristics, treatment patterns, survival, and other clinical outcomes in the management of patients receiving first-line nab-paclitaxel plus carboplatin or gemcitabine plus platinum treatment for stage IIIB or IV squamous cell NSCLC. The primary objective was to evaluate OS between the treatment regimens. The secondary objectives were to evaluate time to treatment discontinuation (TTD) and association between treatment regimens and adjusted TTD, as well as to estimate the frequency and grade of adverse events.
The endpoints of this study were median OS, median TTD, incidence of common chemotherapy-related adverse events, and supportive care utilization. OS was defined as the time between the first dose of chemotherapy and the date of death, which was determined by EMR records and/or the Social Security Death Index Master File. Patients without a known date of death were censored on their last date of follow-up. TTD was defined as the time between the first and last dose of nab-paclitaxel or gemcitabine plus 7 days. Treatment discontinuation was defined as the initiation of a new regimen (different from first line) or > 60-day interruption of either nab-paclitaxel or gemcitabine. Patients were censored if the last date of administration was < 30 days before the data cutoff. Adverse events were identified by International Classification of Disease, Ninth Revision (ICD-9), codes and/or laboratory values (for hematologic adverse events [ Table S1 ]; grade of adverse events was determined if laboratory values were available). The proportion of patients receiving supportive care and the number of supportive care doses were determined between the first and last dose of chemotherapy.
Charlson Comorbidity Index (CCI) was calculated by assigning points for conditions that were reported by ICD-9 codes (Table S2) , these data being reflective of comorbidities as reported exclusively by the patient's oncologist.
Statistical analyses
Baseline demographics, treatment characteristics, treatment regimens, and common chemotherapy-related adverse events in the two treatment cohorts were summarized and compared by descriptive statistics. Median OS and TTD were calculated using the Kaplan-Meier method, and treatment differences were evaluated by log-rank test. Cox proportional hazards models were conducted to determine the association between treatment regimen and OS and TTD, adjusted for age, sex, and CCI at the start of the first-line treatment. Treatment sequences were described using frequency distributions. Adverse events and supportive care utilization were described by frequencies and proportions.
Results
Cohort determination and baseline characteristics
Overall, 10,664 patients who had received a diagnosis of stage III or IV NSCLC between October 2011 and December 2014 were identified in the database. Of the 9,054 patients with complete histology information, 3,387 had a diagnosis of stage IIIB or IV squamous cell NSCLC, based on information from both structured fields, which physicians were not required to complete, and natural language processing algorithms. 
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nab-Paclitaxel + carboplatin vs gemcitabine + carboplatin in advanced squamous cell NSCLC language processing, missing information led to attrition. The majority of patients were male (62%), aged ≥ 60 years (81%), and had a diagnosis of stage IV disease (95%; Table  1 ). Baseline characteristics were generally similar between patients in the two cohorts; however, performance status was unknown for ≈ 54% of patients at initiation of firstline treatment.
OS and TTD
OS was significantly longer for patients who received nabpaclitaxel plus carboplatin compared with those who received gemcitabine plus carboplatin (Figure 2A ; median, 12.8 vs 9.0 months; P = 0.03); however, after adjusting for covariates (age, sex, and CCI), the OS difference was no longer statistically significant between the two groups (adjusted HR 1.55; 
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Mudad et al 95% CI, 0.99-2.42; P = 0.06). The TTD was significantly longer for patients who received nab-paclitaxel plus carboplatin compared with gemcitabine plus carboplatin ( Figure 2B ; median, 4.3 vs 3.5 months; P = 0.03). The difference in TTD between the two cohorts remained statistically significant after adjusting for covariates (age, sex, and CCI; adjusted HR 1.39; 95% CI, 1.01-1.90; P = 0.04).
Safety and use of supportive care
While receiving first-line treatment, 92% of all patients had an adverse event reported. In patients who received nabpaclitaxel plus carboplatin and those who received gemcitabine plus carboplatin, the rates of all-grade anemia (62% vs 66%; P = 0.63), neutropenia (51% vs 56%; P = 0.54), and thrombocytopenia (16% vs 23%; P = 0.34) were similar (Table 2 ). However, rates of grade 3 or 4 anemia (10% vs 26%; P = 0.01) and neutropenia (2% vs 11%; P = 0.04) were significantly lower among patients who received nabpaclitaxel plus carboplatin compared with gemcitabine plus carboplatin. Grade information for non-hematologic adverse events was not reported. Rates of nausea were significantly higher in patients treated with nab-paclitaxel plus carboplatin than in those who received gemcitabine plus carboplatin (89% vs 73%; P = 0.01), and similar findings were observed for rates of neuropathy (30% vs 12%; P < 0.01). Rates of other non-hematologic adverse events were not significantly different between the two groups. In both groups, all patients received premedication and 87% of patients used supportive care agents. No difference was observed between the two cohorts in the doses of erythropoiesis-stimulating agent, G-CSF, antiemetics, or steroids received during first-line treatment (Table 3) .
Treatments received
Patients in the nab-paclitaxel plus carboplatin cohort received an average of 12.8 doses of nab-paclitaxel (median, 11.0 doses) and 7.3 doses of carboplatin (median, 6.0 doses). Patients in the gemcitabine plus carboplatin cohort received 
Sequencing outcomes
Overall, 43% and 46% of patients in the nab-paclitaxel plus carboplatin and gemcitabine plus carboplatin cohorts, respectively, received a second-line treatment ( Table 4 ). The most frequent second-line therapy (only considering instances where the second-line agent was reported) among patients who received first-line nab-paclitaxel plus carboplatin was gemcitabine (35%); for those who received first-line gemcitabine plus carboplatin, it was docetaxel (39%). Among patients in the gemcitabine plus carboplatin cohort who received subsequent therapy, 13% were treated with secondline nab-paclitaxel plus carboplatin.
Discussion
This retrospective analysis assessed effectiveness and safety outcomes in patients treated with two recommended regimens for advanced or metastatic squamous cell NSCLC in a real-world setting, and supported the clinical benefit of nab-paclitaxel plus carboplatin for treating advanced squamous cell NSCLC. In the overall analysis, patients receiving nab-paclitaxel plus carboplatin had a significantly longer OS compared with those receiving gemcitabine plus carboplatin. However, this difference was not statistically significant after adjusting for covariates, likely due to the small sample size. The nature of design of a retrospective cohort analysis is such that the analysis is not powered to detect statistically significant differences between treatment groups in the same way a randomized clinical trial is. The TTD was significantly longer in patients receiving nab-paclitaxel plus carboplatin than in those receiving gemcitabine plus carboplatin, and the difference remained statistically significant after adjusting for covariates. Furthermore, nab-paclitaxel plus carboplatin treatment was associated with a lower incidence of grade 3 or 4 anemia and neutropenia than gemcitabine plus carboplatin. However, nab-paclitaxel plus carboplatin treatment was associated with a greater incidence of nausea and neuropathy (grade not specified) than gemcitabine plus carboplatin. There was no difference in supportive care use between the two cohorts.
Treatment duration and intensity may correlate with positive outcomes in patients with advanced NSCLC, but intensive chemotherapy has also been associated with more frequent adverse events in some clinical studies. 18, 19 In this real-world analysis of patients with advanced squamous cell NSCLC, nab-paclitaxel plus carboplatin was associated with improved outcomes and lower rates of grade 3 or 4 anemia and neutropenia than gemcitabine plus carboplatin. The difference in the toxicities observed between these treatments does not appear to be associated with an increase in supportive care utilization because the proportion of patients using supportive care was similar in the treatment groups. Rates of non-hematologic adverse events were similar between the two groups, except for nausea and neuropathy, which occurred more often with nab-paclitaxel plus carboplatin than gemcitabine plus carboplatin. In the nab-paclitaxel Phase III study, the rate of grade 3 or 4 neuropathy in the subset of patients with squamous cell NSCLC receiving nab-paclitaxel plus carboplatin was 3% and the median time to improvement from grade 3 or 4 to grade 1 neuropathy was 38 days. 12 Taken together with the results of the Phase III trial vs paclitaxel plus carboplatin, 12 the more efficacious outcomes and lower rates of grade 3 or 4 anemia and neutropenia observed with nabpaclitaxel plus carboplatin vs gemcitabine plus carboplatin in this analysis support the appropriateness and manageable safety profile of this option for the treatment of this patient population.
Traditionally, many patients with stage IIIB or IV NSCLC do not go on to receive therapy after first-line treatment. 20 There are several reasons for this, but the ability to receive subsequent therapy in NSCLC may be influenced by the efficacy and safety of the regimen used for first-line treatment -second-line therapy for patients with NSCLC is typically reserved for those with a good performance status. 21 However, because of recent advances, such as the approval of immune checkpoint inhibitors, [22] [23] [24] more patients may receive second-line treatments. Data from randomized clinical trials demonstrated that, in patients with previously treated advanced NSCLC, approved immune checkpoint inhibitors were associated with fewer grade ≥ 3 treatmentrelated adverse events and a significantly longer OS compared with docetaxel. 8, [25] [26] [27] [28] In this study, 43% and 46% of patients in the nab-paclitaxel plus carboplatin and gemcitabine 
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Mudad et al plus carboplatin treatment groups, respectively, received a subsequent therapy consisting of chemotherapeutic agents. Currently, according to the NCCN guidelines, the preferred subsequent therapy for patients with advanced squamous cell NSCLC and a performance status of 0-2 is a systemic immune checkpoint inhibitor, whereas it is recommended that those with a performance status of 3-4 receive best supportive care. 6 The evaluation of immune checkpoint inhibitors as second-line therapies could not be determined in this study because the US Food and Drug Administration approved nivolumab (approved in 2015), pembrolizumab (approved in 2015), and atezolizumab (Genentech, Inc, South San Francisco, CA, USA) (approved in 2016) for these patients after our index period. [29] [30] [31] In the US, the median age at diagnosis of lung cancer is 70 years.
14 In this study, 48% of the patients were at least 70 years of age. There was a higher proportion of patients ≥ 70 years of age in the nab-paclitaxel plus carboplatin cohort than in the gemcitabine plus carboplatin cohort (54% vs 45%). In this patient population, the decision to use a systemic chemotherapeutic agent must be diligently weighed in terms of the potential toxicities. Whether practicing physicians chose the nab-paclitaxel plus carboplatin regimen more frequently in this population due to its manageable toxicity profile is unknown.
Limitations
This was a retrospective cohort analysis of data from a large, diverse database -not a randomized study -and some baseline characteristics differed among the cohorts. However, where possible, imbalances were adjusted for in the OS and TTD analyses. No data on response rate or progression were available in the database. Performance status was unavailable for ≈ 54% of the patients in this study and could not be adjusted for as a covariate, which may have had a confounding effect. The current analysis was restricted to those patients with complete histology information available; this information was missing in 15% of those identified in the database as having received a diagnosis of stage III or IV NSCLC between October 2011 and December 2014. Adverse events were assessed using ICD-9 codes and laboratory values only, meaning that subjective adverse events such as neuropathy may be underreported. Furthermore, hematologic adverse events were identified by ICD-9 codes and adverse event grade could only be determined if laboratory values were available. Therefore, it is possible that hematologic adverse events by grade were underreported in the EMR database. Non-hematologic adverse events were also identified through ICD-9 codes and grade information for these adverse events was not available. The index date of the current analysis preceded the approval of immune checkpoint inhibitors; therefore, the effectiveness of these agents could not be assessed. Finally, use of specific regimens and data availability in the EMR limited the sample size, which ideally would have been larger. The relatively small sample size may detract from the ability to draw generalizable conclusions from the data, and any conclusions should take into consideration the sample size.
Conclusion
There is a paucity of data reflecting real-world outcomes in patients with advanced squamous cell NSCLC treated with first-line standard chemotherapy regimens. This study demonstrated the effectiveness and safety of nab-paclitaxel plus carboplatin in patients with advanced squamous cell NSCLC in a real-world setting, supporting the use of this regimen as a first-line treatment option. a For these conditions, sum points for each row. b For these conditions, assign points for the first condition, if met, but not for the second. If the second condition is met but the first is not, assign the points for the second condition. 
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